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Hairdressers are exposed to a variety of chemical agents in their use of several hair products such as shampoos, permanent wave solutions, hair dyes, and hair sprays. Several studies have been carried out on the potential adverse health effects of these chemical exposures (1, 2) . Contact dermatitis and occupational asthma are major health problems for hairdressers (1, 3) . Recently, the International Agency for Research on Cancer (IARC) evaluated human and animal studies on the carcinogenicity of hair dyes and concluded that the oc cupation of hairdresser entails exposures that are prob ably carcinogenic (4) , Studies on reproductive disorders among hairdressers are scarce. However, reproductive disorders have been associated with exposure to sol vents and other chemicals in various other occupations (5) (6) (7) (8) . Therefore, adverse effects of occupational ex posure on the reproduction of hairdressers can be ex pected.
As hairdressers constitute a major occupational group of female workers with chemical exposures at child bearing age, it is important to know more about their risk for reproductive disorders such as infertility and subfer tility, reproductive loss, congenital malformations, child hood cancers, and developmental disorders in offspring. The objective of the present review is to weigh the evi dence of increased risk for reproductive disorders among hairdressers and to determine which activities, products, and agents are most likely to cause these effects. To this end, the literature on reproductive disorders in hairdress ers and the reproductive effects of agents used by hair dressers was extensively evaluated.
Methods
To find epidemiologic studies on hairdressers and to determine which chemicals are used in hair products, an online computer search was conducted on Medline for the years 1985-1993 with the key words hairdressers, hair products, hair dyes, hair preparations, and hairdress ing salons. Additional information about the ingredients of hair products was found in several reports on occupa tional exposure among hairdressers (4, (9) (10) (11) and gath ered by verbal communication with manufacturers of hair products in The Netherlands.
As hairdressers make use of a wide range of products and as several thousands of chemicals are used in the composition of these products, it is impossible to de scribe the possible adverse effects of all these chemicals 1 on reproduction. Therefore, a selection was made of widely used agents for which reproductive effects were described in several review books (4, 6, 12, 13) . A sub sequent online literature search was conducted on Medline for the years 1985-1993 with the selected agents and the term "reproduction," including menstrual disorders, infertility and subfertility, spontaneous abor tions, stillbirths, congenital malformations, childhood cancers, and developmental disorders as key words. Ad ditional papers were traced through references listed in the articles and books found.
As this review aims at an evaluation from an occupa tional health point of view instead of a complete toxi cologic evaluation of each agent separately, attention was focused on human (mainly epidemiologic) studies. Experimental animal studies were evaluated when no or limited human data were available. Furthermore, the con centration of agents in hair products, frequency of use of these products in a hairdressing salon, and absorption routes were taken into account. However, the informa tion on these issues was incomplete for most agents.
Reproductive effects by exposure and task

Hair washing
Shampoos are the products most often applied to hair. Laurylether sulfates are used as detergents in Europe and may be contaminated with nitrosamines (4). Because these agents occur in other products as well, information on possible reproductive effects is given under the head ing "other exposures." Selenium sulfide has been used extensively as an antidandruff agent, but now its use is regulated in some countries (4) . There were insufficient data with which to evaluate the reproductive effects of selenium exposure on humans (13) . In animal experi ments selenium has produced loss of fertility and con genital defects and is considered embryotoxic and tera togenic in relatively large doses (6 , 12, 13) .
Hair bleaching
All of the bleaching methods currently in use are oxida tion processes. Ammonium persulfate is often used in the formulations of bleaching powders that are mixed with hydrogen peroxide (about 10%) just before applica tion. Bleaching formulations are available in the form of solutions and emulsions, creams, shampoos, powders, pastes, and oils (1, 4) .
No studies were found on the reproductive effects of hydrogen peroxide on humans. S char dein (6) reported one animal study which did not find a reproductive effect of hydrogen peroxide.
Hair dyeing
Hair dyes are found in the form of liquids, creams, gels, shampoos and powders, color rinses, foam tints, and emulsions. Aqueous solutions were recently replaced by alcoholic dyes (15-20% alcohol) . Foam tints are dis pensed as a foam from an aerosol can. Concentrated solutions can be obtained by using co-solvents (eg, alco hols and ethylene glycol ethers) and vehicles (eg, benzyl alcohol). The coloring lotion contains 0.1-5% dye and generally less than 1% of any individual dyes tuff (4) . The method of application may affect exposure. Perma nent cream dyes, for example, are commonly applied with a brush, whereas other dyes are more often worked into the hair by hand (4) . Cutaneous absorption of hair dyes by experimental animals and human subjects has been described in several studies and is suggested to be the major route of entry of the chemical into the biologi cal system (14) . Babish et al (15) found a significantly higher frequency of urinary mutagens among cosmetolo gists than among dental hygienists (35 versus 24%), sug gesting systemic absorption of hair dyes. Marzulli et al (16) reported skin penetration of some dyes in humans, monkeys and swine after application to uncovered skin and removal after 24 h. The estimated skin penetrations were 2,4-toluenediamine (38%), 2-nitro-p-phenylenediamine (24%), and 2,4-diaminoanisole (4,3%). They also reported another study in which it appeared that washing the hair 40 min after application reduced the amount of skin penetration of 2,5-diaminotoluene to 0,2%. Scalp penetration by several semipermanent and oxidative hair dyes was reported not to exceed 1% of the applied dose (17) . To reduce dermal exposure, many hairdressers use protective gloves (4) . A study on the potential exposure to para-phenylenediamine by inhalation in hairdressing salons, as measured by air sampling, concluded that no detectable exposure to para-phenylenediamine was ap parent (18) .
The possible adverse reproductive effects of alcohol and ethylene glycol ethers in hair dyes have been dis cussed under the heading Hair Styling. Maternal use of hair coloring products in the year prior to the child's birth appeared to be associated with Wilm's tumor in offspring in a pair-matched case-referent study among 88 cases and 88 referents in the United States [odds ratio (OR) 3,6, 95% confidence interval (95% Cl) 1.4-10.2] (19) . In another matched case-referent study, with 104 cases and 101 referents (random-digit dialing), maternal use of hair dyes was found to be related to the risk of neuroblastoma (OR 3.0, 90% Cl 1.64-5.48) (20) , Expo sure to hair dyes also appeared to be related to an ele vated risk of mental retardation in offspring in The Netherlands (OR 3.7, 90% Cl 1.1-16.7), but no infor mation was available on the level of exposures or the specific substances involved (21) . This study has been described more extensively under the heading Reproduc-Kersemaekers et at tive Effects by Occupation. Several dye formulations were recently evaluated by IARC for cancer and other potential adverse effects, including reproductive toxicity (4), but no human data were available with regard to the reproductive effects of occupational exposure to hair dyes. Studies with experimental animals have shown inconsistent results concerning the teratogenicity of sev eral dye formulations. For mice, evidence was found for the teratogenicity of 2,5-diaminotoluene (22), 2-nitro-1,4-aminobenzene, 4-nitro-l,2-diaminobenzene, 4-nitroo-phenylenediamine, and 2-nitro-p-phenylenediamine (23) . No teratogenic effects were found for animals after exposure to Cl Acid Orange, HC Blue no 1, HC Blue no 2, HC Red no 3, HC Yellow no 4, 2-amino-4-nitrophe~ nol, or 2-amino-5-nitrophenol (24) (25) (26) . However, IARC noted that the concentrations used in these studies were very low and unlikely to have been toxic (4) . Mutagenic ity and, in some cases, genotoxicity was also reported for other hair dye substances such as hydroquinone (27), pyrogallol (28) , and aminophenols (29, 30) in various test systems. However, the interpretation with regard to human carcinogenic and reproductive risks is difficult. For lead acetate, there is no human evidence on tera togenicity, but it may be teratogenic in animals (31) . Studies with women occupationally exposed to very high lead levels have shown an increased risk of abortion and stillbirth. However, there is no evidence for reproductive disorders from current lead exposure levels in hair dyes (31) . Moreover, metal salts are rarely used in the hair dressing trade nowadays (32) .
Permanent waving
Hydrogen peroxide (0.5-3.0%) is used as an oxidizing agent in most parts of the world (4). As described under Bleaching, no reproductive effects of hydrogen peroxide were reported in the literature. Aerosol foam neutralizers are becoming increasingly popular in permanent wave solutions. A survey of exposures of hairdressers during permanent waving in the United Kingdom in 1992 showed ethanol at 2-30 mg • n r3 (4). The reproductive effects of ethanol have been described under Hair Styling.
Hair styling
Hair-styling products are mainly setting lotions and hair sprays. Newer products are wet gels and hair waxes (4). Hair styling products are frequently used in hairdressing salons (9) . Setting lotions are used in the form of diluted alcoholic solutions, gels, aerosol sprays, and aerosol foam (mousse) (4) . ingredients in setting lotions that may affect reproduction are solvents and plasticizers (4, 6, 12, 13). Hair sprays have been widely used in the form of aerosol sprays, but have been partly replaced by nonaerosol sprays. The ingredients in the latter are generally the same as those in aerosol products, but the propellant content is replaced by additional solvents. The main route of absorption of these products is inhala tion (4) .
Ethanol is the most important solvent in the hair sprays that may cause reproductive disorders. Setting lotions contain up to 50% ethanol (4). In hair spray half of the content is solvent. The aerosol is highly respirable (10, 33) . A case-referent study by Roeleveld et al (21) showed an increased risk of mental retardation after ma ternal occupational exposure to alcohol (21) , but other studies describing an effect of occupational exposure to alcohol on reproduction have not been found. However, chronic alcohol consumption during pregnancy is known to cause several malformations and is the most frequent cause of mental deficiency in offspring (6) . The adverse effects of alcohol in pregnancy, including the fetal alco hol syndrome (FAS), have been reviewed by Barrison et al (34) . Effects such as perinatal mortality, premature placental separation, stillbirth, low birthweight, and men tal retardation may be related to lower concentrations of alcohol (6, 12, 21, 34, 35) , However, little is known about exposure levels of ethanol in hairdressing salons. Preliminary results of a study on exposure to solvents in 18 hairdressing salons in The Netherlands have shown ethanol concentrations (8 -h time-weighted average) ranging from 0*1 to 56.6 mg • n r3 (manuscript in prepa ration). As consumption of one alcoholic drink per day (approximately 17 g of alcohol) is considered to be harm less based on current knowledge (21, 36) , inhalation of the aforementioned concentrations is not likely to cause reproductive disorders.
Acetone is another component of hairspray. A major problem in human studies on solvents, such as acetone, is that in most instances women are exposed to a mixture of solvents (6, 13) . In a study on 782 women employed in laboratory work at the University of Goteborg (37), a slight increase in the spontaneous abortion rate was found for the group exposed to organic solvents, but the rate for pregnancies with acetone exposure was not higher than expected. No differences in perinatal death rates or in the prevalence of malformations were found between infants of exposed and unexposed mothers. According to a re port of the Commission of European Communities (13), Nizyaeva performed a study among female factory work ers who were chronically exposed to acetone at levels around 85 ppm while producing acetate fibers. The prob lems found included increased threat of abortion, toxi cosis and reduced birthweight, Animal studies on the reproductive effects of acetone did not show adverse effects up to exposure levels of 2200 ppm (13) . Preliminary results from the Dutch exposure study showed negligible concentrations of acetone in hairdressing salons (manuscript in preparation). These concentrations are unlikely to cause adverse effects on reproduction.
Other solvents in hair-styling products are dichloromethane and 1,1,1-trichloroethane. These solvents have been widely used for many years, but recently they have been replaced by other solvents in some countries be cause of their toxicologic properties (4, personal com munication from manufacturers). Concentrations of dichloromethane in the air of beauty salons were 1-4 ppm (38) and 6 ppm (39) (8-h time-weighted aver ages). The average exposure to dichloromethane while spraying was 18 ppm in the breathing zone (39) . Peak exposure concentrations of up to 400 ppm were mea sured as well (39) . The use of adhesive sprays containing dichloromethane has been related to chromosome dam age (40) and congenital malformations (41); however the evidence is equivocal (42) . In a Finnish case-referent study on occupation and spontaneous abortions, the frequency of exposure to dichloromethane (and other solvents) was higher for cases than for referents (11 of 38 and 17 of 119, respectively) (43) . In another Finnish study, an association between exposure to organic sol vents (including dichloromethane) and central nervous system defects in offspring was found initially, but later disappeared, probably due to the decline in exposure to solvents (44) . For animals there is some evidence of an increase in anomalies and postnatal behavioral changes (45) . Carbon monoxide is a metabolite of dichlorometh ane, Prenatal exposure to high levels of carbon monox ide can result in fetal and infant death and in severe fetal brain damage (45) .
A series of studies on adverse pregnancy outcomes was performed in a population that had received drinking water from a well accidentally contaminated with 1,1,1trichloroethane in California (46) . An excess of major cardiac malformations was seen in children born to resi dents of this area, but this finding was contradicted by other studies (47) . Animal studies do not suggest any significant reproductive toxicity from 1, 1,1-trichloroethane (13) .
Several epidemiologic studies on occupation and pregnancy outcome found increased risks of spontane ous abortions for women exposed to solvents in general (48--50) . Other reproductive effects associated with ex posure to mixtures of solvents include menstrual disor ders (51), stillbirth (49, 52, 53) , preterm delivery (53), congenital malformations of the central nervous system (54) , and congenital malformations in general (55) .
A plasticizer in hairspray with possible reproductive effects is dibutylphthalate (13) . No human data on this specific agent are available. Increased risk of spon taneous abortion was reported among women manufac turing phthalate chemicals (6) . Embryofetal toxic effects of high doses of dibutylphthalate were observed in rats and mice (13) . Dibutylphthalate may also be detrimental to the reproduction of some aquatic organisms at low concentrations (12) .
Glycol ethers are used as dispersion improvers and perfumes. Studies among women in the electronics in dustry suggest that glycol ethers may cause an increased risk of spontaneous abortion (56, 57) and infants with a low birthweight (58) . However, in these studies, quanti fiable exposure data on glycol ethers and other chemicals were not available. In animals, ethylene glycol monome thyl ether has been shown to have the potential to induce reproductive toxicity in that the effects on fertility and the teratogenic potential of relati vely large doses of these vapors were observed (12, 59) .
Other exposures
Nitrosamines have been found in hair dyes, shampoos, rinses, and conditioners. The most common nitrosamine found is N-nitrosodiethanolamine. In 1986,40% of sam ples of cosmetics and shampoos in Germany were con taminated with nitrosamines. Concentrations up to 275 |Ag • kg-1 were found. Official recommendations to stop the use of secondary amines in cosmetics led to a reduction of such contamination; only 15% of the products were contaminated in a survey in Germany between 1987-1988 (4). Nitrosamines may be absorbed through human skin. According to in vivo penetration studies on monkeys and swine, about 18% of applied N-nitrosodiethanolamine penetrates the skin (16) . Epide miologic studies have indicated nitroso compounds as possible causative agents for human childhood cancers, including those of neurogenic origin (60) (61) (62) .
Formaldehyde is added to many cosmetic products, particularly shampoos, as an antibacterial agent and pre servative. It is also used in processes for hair setting or can be formed as a degradation product of materials containing polyethylene glycol. Concentrations of for maldehyde up to 0.03% have been found in shampoos, and up to 0.41% in hair rinse (4). Formaldehyde is known ; to penetrate the skin and is readily inhaled (6) . Formal dehyde may cause menstrual disorders (6 ,45) , increased spontaneous abortion (6) , and decreased fetal growth (45) . John et al (63) found an elevated risk of spon taneous abortion for cosmetologists who use formalde hyde-based disinfectants. To our knowledge, formalde hyde concentrations in hairdressing salons have not been described, but they are expected to be low. Hexachlorophene is also used as a disinfectant. A cluster of infants with malformations was observed among Swedish female hospital employees who fre quently worked with the chemical during their pregnan cies in 1978 (64) . A causal association was quickly re futed by Kallen (65) . Another study showed no associa tion between frequent exposure to hexachlorophene and the occurrence of perinatal deaths and malformations
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Scand J Work Environ Health 1995, vof 21, no 5 (66) . Janerich (67) concluded that it had not yet been reasonably established whether or not hexachlorophene had teratogenic potential. Recently, Roeleveld et al (21) reported an increased risk of mental retardation for off spring of mothers exposed to hexachlorophene.
Reproductive effects by occupation
Epidemiologic studies on reproductive disorders among hairdressers appear to be scarce. To our knowledge only two studies have focused specifically on hairdressers (63, 68) . In addition, several studies related pregnancy outcomes to maternal occupation in general and reported findings for hairdressers. The two specific studies and the most relevant explorative studies that included hair dressers are summarized in table 1. Blatter et al (68) compared the prevalence of men strual disorders among hairdressers with the prevalence in a reference population of female shop assistants sell ing clothes in The Netherlands. A postal questionnaire was sent to 1200 hairdressers and 1200 shop assistants 20-45 years of age, but only 64 hairdressers and 130 shop assistants could be used in the analysis because of nonresponse (40% for hairdressers, 46% for shop assist ants) and the use of oral contraceptives (90% for hair dressers, 77% for shop assistants). Statistically signifi cant associations were found for irregular cycles, oli gomenorrhea, unusual cycle length, long-lasting blood loss, and heavy and prolonged pains with odds ratios ranging from 2.4 to 9.4.
Recently, the relation between spontaneous abortion and work in cosmetology during pregnancy was exam ined by John et al (63) . A postal survey was conducted in North Carolina among 8356 licensed female cosmetolo gists 22-36 years of age. Pregnancies were identified by a brief screening questionnaire (response rate 74%), followed by a detailed postal questionnaire (response rate 74%). The analyses were restricted to 96 cosmetolo gists with a spontaneous abortion and 547 cosmetolo gists with a single live birth. The women worked full time in cosmetology or in other jobs during the first trimester of pregnancy. The odds ratio for cosmetolo gists who worked more than 35 h a week was 1.4 (0.8-2.3), and associations were found between spontaneous abortions and the number of chemical services performed per week. Elevated odds ratios were found for cosmetol ogists who performed more than two bleaches per week (OR 1.9, 95% Cl 1.0-3.7), more than 10 permanents per week (OR 1.9, 95% Cl 1.0-3,6), and for the use of formaldehyde-based disinfectants (OR 1.7,95% Cl 1.0-3.0). No associations were found for cosmetologists who worked less than 35 h a week or for cosmetologists who worked full-time but performed few chemical services (63). Id the British perinatal mortality survey (1958), twice as many perinatal deaths as expected from congenital malformations were found among hairdressers. However, the number of perinatal deaths from congenital malfor mations among hairdressers was small (N = 10), and ex posure assessment was based on job titles only (69) .
The possible association between maternal occupa tional exposure and mental retardation in offspring was explored in a case-referent study among 306 mentally 9 retarded children with an unknown etiology (cases) and 322 physically handicapped children (referents) (21) . Data were collected in personal interviews, and chemical exposure was assessed according to industry-specific checklists. Statistically significantly increased odds ra tios were found for hairdressers working in the first or second month of pregnancy and in the third through the fifth months of pregnancy. This odds ratio was still in creased, although not statistically significantly, for wom en who worked in late pregnancy. Elevated odds ratios were also found for exposure to hair cosmetics or dyes (OR 3.7, 90% Cl 0.9-15.1), alcohol (OR 1.9, 90% Cl 1,0-2.5), hexachlorophene or phenylphenol (OR 3.1, 90% Cl 1.0-9.7), and other disinfectants (OR 1.5, 90% Cl 0.8-2.8).
Data from the 1980 national natality and national fetal mortality surveys in the United States were used to investigate maternal occupation during the year before delivery in relation to pregnancy outcome (70) . This study included 70 live births among women working in beauty parlors and barber shops. A nonsignificant in crease in the prevalence of infants with low birth weights was noted (prevalence 2.5%). No increase was found in the prevalence of malformations (1.9%) and fetal deaths (1.6%) among the offspring of hairdressers.
Using 130 000 birth records collected by the State of Washington (in the United States) in 1980 and 1981, Vaughan et al (71) noted a small excess of fetal deaths among hairdressers.
Kuijten et al (72) performed a case-referent study on parental occupation and childhood astrocytoma. Inter views were conducted with both parents of 163 cases and 163 referents. Elevated, but not statistically significant odds ratios were observed for hairdressers exposed be fore, during, and after pregnancy.
McDonald et al (49, (73) (74) (75) performed a survey on several pregnancy outcomes and maternal occupation during pregnancy in Montreal (Canada). In this study, 56 067 women were interviewed after delivery or spon taneous abortion about the outcome of the current and all previous pregnancies. The observed : expected ratio for spontaneous abortion (49, 73, 74) , stillbirth (49, 74) , low birthweight of infants (74) , and congenital defects of infants (74, 75) among hairdressers did not show an excess risk. In two of these analyses (49, 75) , type and level of chemical exposures per job were estimated by an industrial hygiënist. Only exposures exceeding 30% of the threshold limit value were included in the analysis. An elevated observed : expected ratio was found for stillbirths after exposure to solvents in a variety of jobs (49) .
Using the same data base, Goulet & Theriault (52) performed a case referent study on stillbirths and the chemical exposure of pregnant workers. They included 124 fetal deaths and 103 stillbirths without major mal formations and 227 live births without major malforma tions. A decreased risk of stillbirth was found among hairdressers who worked more than 30 h a week, but the authors explained this negative association by the use of an improper reference group. In this study chemical ex posure profiles developed by McDonald et al (75) were used to estimate the chemical exposure. The study sug gested that exposure to metals and solvents could in crease the risk of stillbirth (52) .
In an analysis of all naturally terminated pregnancies (N = 6166) in the district of Gottwaldov in Czecho slovakia in 1981-1983, an increased ratio of reproduc tive losses was reported for hairdressers (76) . In a casereferent study on neural tube defects in Venezuela, Ham mond & Canache (77) found that 13.6% of the mothers of the cases (N = 76) were hairdressers but only 1.3% of the mothers of the referents were hairdressers.
Two other studies did not specifically address hair dressers, but they provide results for agents that are used in the hairdressing trade. Decouflé et al (78) performed a case-referent study on mental retardation and mothers' employment during pregnancy in Atlanta (United States). Mothers of 352 case children and 408 reference children were interviewed with an extensive questionnaire. They found a possible positive relationship between mental retardation and mothers' self-reported occupational ex posure to miscellaneous kinds of chemical products such as ammonia and spray adhesives (78) . Tikkanen et al (79) studied associations between occupational factors and cardiovascular malformations for the period 1980-1981 using the Finnish Register of Congenital Malfor mations. No difference was reported between 160 cases and 160 referents for "substantial exposure to hair dresser's chemicals" (79) .
Discussion
This review explores possible reproductive effects of the agents used by hairdressers. However, human studies appeared to be scarce. For several agents (selenium, some dye formulations, dibutylphthalate, ethylene glycol ethers, methoxy ethanol, lead acetate) reproductive tox icity was reported for animals, whereas no or few human data were available. It is difficult to extrapolate these 330 Scand J Work Environ Health 1995, voi 21, no 5 Kersemaekers et ai results to hairdressers. In animal studies relatively large doses are administered, whereas the concentrations of these agents in the hairdressing salon are relatively low. In addition the amount of absorption may be different between animals and humans and the route of exposure is often not comparable with the situation in the hair dressing salon. Nevertheless, the results of experimental animal studies may provide an indication for the possible risk of reproductive disorders among hairdressers. Fur thermore, hairdressers are exposed to a mixture of agents, and such exposure is typical for this occupation. The effect of this combined exposure on reproduction is hard to assess. It has been shown that contact with permanentwave solutions facilitates the absorption of other agents through the skin (9) .
Reproductive disorders in humans were described in relation with exposure to solvents, nitrosamines, formal dehyde, and hexachlorophene. There is evidence that solvents may adversely affect reproductive outcomes and they are probably the most important agents in the hair dressing salon. Solvents occur in a relatively high con centration (50%) in hairstyling products, which are fre quently used in hairdressing salons, and in lower concen trations in permanents and dyes as well. Currently the most important solvent for reproductive disorders in the hairdressing salon might be ethanol. Although alcohol consumption is known to cause adverse reproductive effects, no studies were found which focused on occupa tional exposure to ethanol, and no data were found on the relevance of occupational exposure to ethanol next to alcohol consumption. According to unpublished mea surements in The Netherlands and the amount of absorp tion through inhalation (±70%), ethanol exposure levels among hairdressers will lead to very low blood concen trations compared with alcohol consumption, Although the reproductive effects of chronic low exposure to etha nol are unknown, these concentrations might be too low to constitute a reproductive risk (34, 36) . There is evi dence for reproductive risks of dichloromethane, but this agent is used less in hair products nowadays because of its toxicologic properties (4). The majority of human studies did not demonstrate specific effects linked to specific solvents. This result suggests a general (struc ture nonrelated) effect of this class of chemicals (5), but others state that chronic toxicity of solvents, such as teratogenicity, is related to a given chemical structure (structure-related toxicity) (12, 59) . The actual reproduc tive risk of nitrosamines, formaldehyde, and hexachlo rophene is not clear, and, although these agents occur in several products, exposure levels will be low.
The associations of the number of performed bleach es and permanents per week with an increased risk of spontaneous abortion as reported by John et al (63) are not supported by the literature concerning the compo nents of these products. In both activities exposure to hydrogen peroxide takes place, but no human data are available for hydrogen peroxide and no adverse repro ductive effects on animals were described.
It is difficult to evaluate the evidence for the repro ductive toxicity of hair dyes, which contain several po tential teratogenic agents, because of the lack of human data and inconsistent results in animal studies. Maternal use of hair dyes has been related to increased risks of childhood cancer (19, 20) , and several dye substances have been found to be mutagenic (4) and to be absorbed through the skin (16, 17) and placenta (80) . These find ings might indicate that occupational exposure to hair dyes is a. risk factor for childhood cancers. However, duration of exposure and the amount of absorption of dyestuffs (16) might be different between personal use of hair dyes and occupational exposure to hair dyes. The latter is affected by the method of dye application and the use of protective gloves. Most hairdressers wear gloves when dyeing, according to the studies of Zielhuis & Blatter (81) (55% always and 16% most of the time) and John (82) (64% always and 21% most of the time). However, Peculia et al (83) estimated that only one-third of hairdressers currently use protective gloves when dyeing hair. Furthermore, the amount of absorption strongly depends on the duration of dermal contact (16) . Therefore, the possibility of a reproductive risk of hair dyes might be strongly affected by the way the hair dyes are handled.
The two epidemiologic studies focusing on hair dressers have found adverse effects on menstrual func tion (68) and on the rate of spontaneous abortion (63) . However, in the study on menstrual disorders non differential selection due to differences in oral contra ceptive use cannot be excluded. Nonetheless, these studies lend support for a reproductive risk at current exposure levels. In other, more explorative epidemio logic studies, the findings on the association between the chemical exposure of hairdressers and reproductive disorders are inconsistent, probably due to insufficient numbers of hairdressers in the study populations to be able to detect specific effects of occupational exposures of hairdressers.
Moreover, in most of the reported studies, exposure assessment was based on job title. Given the large pro portion of hairdressers who work part-time and the varia tion in number and types of services provided, job title alone is a poor surrogate measure for chemical expo sures. Therefore, using job title may dilute any true asso ciation between occupational exposures in cosmetology and adverse reproductive outcomes (63) . The study of John et al (63) only identified increased risks of sponta neous abortion when specific work activities and inten sive exposure levels were considered. Shaw et al (84) reported that only for 71% of the mothers the occupation on the birth certificate was the same as the occupation Scand J Work Environ Health 1995, vo121, no 5 elicited from the interview, so that all but very strong associations would be missed. Another problem with studies using job titles is that no distinction can be made between chemical influences and the effects of physical work load on reproduction (85). John et al (63) found an odds ratio of 1.9 (95% Cl 1.0-3.9) for hairdressers who reported standing for > 9 h a day. Thus, if interested in chemical exposures in relation to reproductive disorders, prolonged standing might be an unmeasured confound ing variable when job titles are used as a proxy for exposure. Several studies (52, 73, 74, 78) also controlled for socioeconomic status, and this practice could have led to over adjustment when occupational factors were evaluated. Adverse effects may be obscured if differ ences in socioeconomic status are caused by the distribu tion of occupations associated with reproductive out comes among cases and referents.
Although toxicologic considerations do play an in creasingly important role in product formulation, repro ductive risks are usually not taken into account. Howev er, officials in some countries have recently banned or limited the use of specific agents (eg, some dye formula tions, dichloromethane, selenium disulfide, nitrosamines, lead acetate) (4) . For these and other reasons the chemi cal environment in hairdressing salons is changing, and therefore reproductive risks that were present in earlier years may (unintentionally) decrease or disappear.
Inconsistent results of epidemiologic studies and the limited human data on the reproductive risks of chemi cals and concentrations used in the hairdressing salon make the drawing of conclusions difficult. Reproductive risks cannot be excluded, but, to date, there is little evi dence for reproductive risks at concentrations prevalent. in hairdressing salons. Future research should examine the reproductive risks among hairdressers in more detail, as they constitute a major group of female workers with chemical exposures at child-bearing age. Since hairdress ers are exposed to chemical mixtures from several prod ucts, exposure might be variable and hard to assess. Therefore, more attention should be paid to exposure assessment in future research. Moreover, such studies should not only focus on outcomes like fetal death, peri natal death, and congenital malformations, but also on more subtle outcomes such as time to pregnancy, birthweight, and functional development. These outcomes might be more sensitive to chemical exposures in preg nancy at concentrations expected to be prevalent in hair dressing salons.
